This paper presents a new method for wood defect detection. It can solve the over-segmentation problem existing in local threshold segmentation methods. This method effectively takes advantages of visual saliency and local threshold segmentation. Firstly, defect areas are coarsely located by using spectral residual method to calculate global visual saliency of them. Then, the threshold segmentation of maximum inter-class variance method is adopted for positioning and segmenting the wood surface defects precisely around the coarse located areas. Lastly, we use mathematical morphology to process the binary images after segmentation, which reduces the noise and small false objects. Experiments on test images of insect hole, dead knot and sound knot show that the method we proposed obtains ideal segmentation results and is superior to the existing segmentation methods based on edge detection, OSTU and threshold segmentation.
INTRODUCTION
Sound knots, dead knots and small holes caused by insects are three common defects on the wood surface, which directly affect the mechanical performance and economic value of the wood. For the advantages of non-destructive, accurate, fast and so on, the wood surface defects detection technology has a high application value in the field of wood production and processing, which is based on machine vision. The pattern recognition problem, existing in wood surface defect detection, is worthy of long-term exploration of the theoretical issues. Meanwhile it is a major problem in wood processing industry [1] [2] [3] [4] [5] .
Image segmentation is a key process to the identification of wood surface defects [6] , and it is the most important work in wood surface defect recognition research. Segmentation algorithm should effectively separate the defects in a variety of texture and color. Researchers have proposed a variety of methods for image segmentation of wood surface defects. Commonly used include segmentation based on edge detection [7] , segmentation based on threshold [8] [9] [10] and segmentation based on clustering [11] and so on. All of these methods obtain the global segmentation threshold from the entire image. This works effectively in simple background or local background. However, it is difficult to adapt to complex background defects in the precise segmentation. Accordingly, it will be an effective way to realize the precise segmentation of wood defects by locating the rough defect area firstly and then splitting image with local threshold.
The human eye can quickly find the "interesting" and "meaningful" lumps in the visual information into the retina, which is called visual selective attention, also known as visual saliency [12] [13] [14] [15] . According to the theory of feature integration in visual selective attention, Itti puts forward a visual attention model adopting the bottom-up control strategy in 1998. It has become one of the most classic visual attention model [12] . Moreover it has been widely concerned by researchers in various countries, and been carried on a series of research and improvement. However, it needs to calculate contrast for each pixel in the image relative to the global to get a significant map, resulting in a large amount of calculation which is time-consuming. Xiaodi Hou et al. [14] have proposed a method of constructing spectral residuals in the spatial domain by analyzing significant regions in the frequency domain. This can greatly reduce the computational complexity and improve the calculation speed.
Based on the analysis of the characteristics of the surface defects of wood, this paper presents a method for wood surface defects segmentation with visual saliency and local threshold. Firstly, the defect area is roughly located in the image by calculating its significance with the spectral residual method. Secondly, it is achieved by the maximum interclass method threshold segmentation to realize the precise positioning and segmentation of the wood surface defects. Finally, mathematical morphology is carried on the binary image. The experimental results show that this proposed method can effectively solve the over-segmentation problem of the existing threshold-based segmentation methods.
VISUAL SALIENCY ANALYSIS OF WOOD SURFACE DEFECTS
The sample images of the dead knot, sound knot and insect hole are shown in figure1. 2) Wood surface image with sound knot: The sound knot is formed with the tree branches; close to the surrounding wood; the structure is normal; the boundary is not obvious. The interior of the sound knot is oval and rounded in texture.
3) Wood surface image with insect hole: From the gray value level, the insect hole image is darker than the normal wood tissue, and there is clear boundary. Insect hole defects have residual debris, texture distributed horizontal. Through the analysis of the above three kinds of wood surface defects, we can conclude as follows: the normal structure of wood is usually chord or cut texture. The defect area surface has a visual significance. It will be used to locate defect area quickly and accurately that they have their own obvious characteristics.
THE DEFECTIVE AREA SEGMENTATION BASED ON THE FUSION OF VISUAL SALIENCY AND THE MAXIMUM INTER-CLASS VARIANCE

Significance computational model using spectral residuals
The spectral residual model is derived from the statistics of natural images, and its point is that the other forms of prior knowledge of the target are independent. By analyzing the logarithmic spectrum of the input image and obtaining the spectral residual information of the image in the frequency domain, the model constructs the corresponding significant map in the spatial domain.
The scale-invariant statistical properties of natural images are also the most widely studied and most classical features. This characteristic shows the distribution of the average Fourier spectrum of the natural image set obey to the distribution of (1) 1 / f law [14] , as shown in Figure 2 { } Figure 2 . Natural image and its Fourier spectrum curve. Figure 2 shows some natural images and their log spectra. Although the natural images are completely different, the log spectrum has a similar distribution trend. In the different log spectra, we only need to pay attention to the difference. The difference portion corresponds to a region of dramatic change in the original image.
Given an image I (x), it is firstly converted from the spatial domain to the frequency domain, and the logarithm of the discrete Fourier transform is taken to obtain the log spectrum L(f): 
Local threshold segmentation using Maximum inter-class variance
The maximum inter-class variance method is also known as the Otsu method (OTSU), which uses the presence of peaks in the histogram of the image, and each peak corresponds to the characteristics of a segmented region of the image. The advantage of the OTSU method is that the time complexity is low and it does not require a priori knowledge. It is a single threshold segmentation method. The basic idea is to use the gray histogram to divide the image into two categories: target and background. When the variance between two classes is maximum, the optimal segmentation threshold is obtained.
Assume that the image grayscale range is 1-L, and the number of pixels with gray value i is n. Then the total number of pixels is 
The optimal threshold should be chosen to maximize the separation between the different classes, which is essentially the largest variance between classes. The larger the variance value, the greater the difference between the two classes in the image, and the smaller the probability of misclassification. The maximum inter-class variance segmentation method has the characteristics of fast speed and high precise localization.
In this paper, the maximum inter-class variance method is used to segment the defective area which is visual saliency. As an example, the experimental process of adaptive threshold segmentation is given. The middle image of figure5 shows the histogram of the grayscale image showed on the left of figure5. The right one shows the results of the threshold segmentation. Figure 5 . The insect hole defect image segmentation process using OSTU
Post-processing of the image segmentation
Due to the complexity of the wood texture image, there are a large number of unintended pseudo targets and noises resulted during the defective target extraction using visual saliency and maximum inter-class variance, and it is difficult to extract the target characteristic parameter. Therefore, secondary processing is necessary for the binary image. In this paper, post-processing chooses a radius of 3 morphological open operation for its effectiveness. 
Defect image segmentation algorithm
In this paper, the specific algorithm is as follows that is for defective areas segmentation with the fusion of visual saliency and maximum interclass variance: 1) Given a defective image ( ) I x , obtain the log spectrum ( ) L f by the logarithm of the discrete Fourier transform amplitude;
2) Smooth log spectrum ( ) L f by local draw filter ( ) L f , and calculate the spectrum residual by minus log spectrum ( ) L f and its mean filtering ( )
3) Obtain a saliency map by Inverse Fourier transform of the spectral residual ( ) R f reconstructing the original image:
Local precision threshold segmentation is performed by the maximum inter-class method on the saliency map.
5) The morphological operation of the segmented image is calculated to obtain the final defect image.
EXPERIMENTAL RESULTS AND ANALYSIS
This algorithm is accomplished by matlab language on a computer with Pentium Dual-core 2.5G HZ and 2GB memory. Segmentation experiments were performed using 240 pieces of wood defect images. There are three kinds of defect images respectively sound knot, dead knot and insect hole defect samples, and the number of each type is 80. Taking the three samples shown in Figure7 as an example, the method proposed in this paper is compared with the existing edge-based segmentation method, the maximum inter-class variance threshold segmentation method and the kmeans clustering method. 
